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SUMMARY
The plasma membranes of BHK 2I cells infected with vesicular stomatitis virus react in complement-fixation tests with antiserum to uninfected BHK 2I cells and with antiserum to the glycosylated 'spike' protein found on the surface of the virus (protein G).
Depending upon the time after infection, the minor protein NS or the nucleoprotein N predominates in the cytoplasmic sap. During the synthesis of virus these two proteins are associated in the cell cytoplasm with the virus RNA in a complex having a similar sedimentation coefficient to that of the virus nucleocapsid (I40 S).
The linkage of the nucleocapsid with the altered cellular membrane appears to be a function of the 'matrix' or 'virus membrane protein', protein M. In the BHK 2 I system it has not been possible to demonstrate the intracellular presence of protein M although incubation of infected cells with [14C]-labelled amino acids produced labelled protein M in the extracellular virus. The possibility that the rate of formation of this protein controls virus production is discussed.
The synthesis of vesicular stomatitis virus proteins in L cells has been shown by Wagner et al. (1972) to take place in separate cytoplasmic compartments. One is the cytoplasmic membrane which is converted to virus envelope by insertion of the glycosylated protein G, and the second is a non-membrane site. These authors suggested that progeny RNA is assembled into nucleocapsids with protein N and minor proteins NS and L. The nucleocapsid then attaches to the changed cytoplasmic membrane, possibly bound by the nonglycosylated protein M, and the virus buds from the cell after this association has taken place.
In similar studies we have separated the plasma membranes and the cytoplasmic sap of infected BHK 2I cells and examined the serological reactions of the fractions with antisera against host cells and the virus proteins. Our findings show that, even prior to virus assembly, proteins of the infected cell membranes and cytoplasm carry sufficient specificity to fix complement with anti-virus serum. Further, we have demonstrated the presence in the cytoplasm of an RNP-NS complex which has properties similar to those of nucleocapsid prepared from virus particles.
The methods used to infect and prepare the cell constituents for examination were as follows. BHK 2I cells grown in Roux bottles were infected with vesicular stomatitis virus, type Indiana C, at a multiplicity of approx. IOO p.f.u./cell and the cells removed from the glass at 5 h by scraping. Membranes were prepared from the ceils by the method of Atkinson & Summers 0970; this entailed suspending the cells in o.oI M-tris buffer, pH 8, before homogenization. After removal of the nuclei, the disrupted cells were centrifuged at IO ooog for 3o rain on a discontinuous sucrose gradient consisting of 5 ml of 45 % (w/w) sucrose and I5 ml of 3o% (w/w) sucrose. Under these conditions the membranes collected at the 3 ° to 45 % sucrose interface and the cytoplasmic contents remained at the interface of the introduced sample and the 30 % sucrose. One ml fractions were collected from the gradient and samples of each fraction were tested semi-quantitatively for complement-fixing activity against antisera to uninfected BHK 2I cells, virus and RNP protein. The membranes were the major fraction of uninfected and infected cells fixing complement with anti-cell serum ( Fig. I (a) , (b)). Samples of the virus and the isolated plasma membranes were examined on SDS-Io% polyacrylamide gels. After electrophoresis the gels were frozen, chopped into I mm slices and each slice eluted in barbitone buffer solution for 24 h. Using the method described by Brooksby (I952), the fractions were tested for complement-fixing activity with anti-cell serum. Only the area of the gel occupied by the gtycolipids gave a positive reaction (Fig. 2) . These results suggest that plasma membrane glycolipids form part of the membrane of the virus particle.
Although the membranes of uninfected BHK 21 cells were shown by Gahmberg (I 97 I) to contain a range of glycosylated proteins with tool. wt. between 48 x io z and 128 x io z when the cells were infected with vesicular stomatitis virus in the presence of [laC]-glucosamine, the mol. wt. of the major [14C]-labelled protein was similar to that for the glycosylated protein of the virus (Fig. 2(c) ). In an attempt to characterize the glycosylated protein found in the infected cell membranes, complement-fixation tests were performed on the fractions obtained by sucrose gradient centrifuging of the cell homogenates with antisera to virus and to RNP. Fig. I (c) shows that both the membrane and the cytoplasmic contents of infected cells fixed complement with virus antiserum. When the same fractions were tested with antiserum to the virus nucleoprotein, no complement was fixed by the membrane fractions (Fig. I d) Fig. I c) were isolated from the gradient and precipitated with an equal vol. of saturated ammonium sulphate. After resuspension in 2 ml of o'o4 M-PO4, pH 7"6, they were recycled on a I5 to 45 % continuous sucrose gradient for 2 h at 2oooo rev/ min. The top 3 ml from this gradient were concentrated by ammonium sulphate precipitation and examined by electrophoresis on SDS-Io % polyacrylamide gels. The proteins gave a heterogeneous radioactive profile. In contrast to the radioactive profile of the virus proteins on polyacrylamide gels, a major peak of activity was found at the position of the virus protein NS (Fig. 3a, b) . Cohen, Atkinson & Summers (I97I) also reported large concentrations of NS protein in the cytoplasm of infected HeLa cells. However, we found that the protein N predominated when the infection proceeded for 18 h before examination of the cytoplasmic content of the cells. From these results it appears that an excess of protein N accumulates as the ability of the cells to synthesize virus particles declines. Our main interest was to determine whether the nucleocapsid of the virus particle could be isolated as an entity from the cytoplasmic sap. We have shown that the virus nucleocapsid is an association of RNA with about I2OO units of protein N (Cartwright et al. I972) . This complex has a sedimentation coefficient of i4o S (Kang & Prevec, I969). Consequently, we examined the heavier cytoplasmic material that entered the 3o % sucrose (fractions 18, 19 and 2o). After concentration, these fractions were recycled on a I5 to 45 % continuous sucrose gradient. The material sedimenting at I4o S was concentrated and examined by electrophoresis on polyacrylamide gels. The electrophoretograms showed that proteins N and NS were present almost exclusively and in approximately the same proportions as in the virus (Fig. 3 c) . This suggested that the RNA combined with proteins N and NS in the cytoplasm, the complex then presumably associated with the glycolipids and the newly synthesized glycoprotein of the membrane prior to budding from the cell. We have suggested that the virus coded M protein may provide a link between the nucleocapsid and the altered cellular membrane (Cartwright, Talbot & Brown, I97O) . However, we have been unable to detect M protein in infected BHK 2I cells, although there is no question of failure of this protein to incorporate [14C]-labelIed amino acids since the extracellular virus produced from these cells contains highly labelled G,N and M proteins. This finding is at variance with the results of Atkinson & Summers (I97I) and Wagner et al. 0972) , who demonstrated the presence of M protein in the cytoplasm of HeLa and L cells, respectively. These diverse results may arise because different cells were used by the various groups. In the BHK 21 system used here the virus infectivity was always higher in the medium than in the cells, suggesting that virus assembly and maturation was followed by rapid release from the cell. If the rate of formation of M protein is the limiting factor controlling the association of the nucleocapsid with the membrane, it may be reasonable to assume that M protein does not accumulate in detectable amounts prior to its incorporation into virus particles.
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